In this experiment, the reference concrete samples containing Portland cement as binder and the concrete samples with the addition of ground granulated blast furnace slag (85% and 95%, respectively as replacement of Portland cement) and other samples containing ground zeolite (8% and 13%, respectively as replacement of Portland cement) were analyzed regarding the leachability of chromium. The prepared concrete samples were subjected to long-term leaching test for 300 days in three different leaching agents (distilled water, rainwater and Britton-Robinson buffer). Subsequently, the concentration of hexavalent chromium in the various leachates spectrophotometrically was measured. The leaching parameters as values of the pH and the conductivity were also studied. This experiment clearly shows the need for the regulation and control of the waste addition to the construction materials and the need for long-term study in relation to the leaching of heavy metals into the environment.
Introduction
With increasing contamination of the environment, the problem of heavy metal immobilization becomes very significant. New technologies will be developed only when heavy-metal-containing by-products can be sufficiently and safely removed. In many research centers, the studies are being carried out to solve this problem. One of possibilities is to incorporate these by-products to construction materials. Although stabilization of wastes is a confirmed technology, little is still known about the mechanisms involved with the leaching of contaminants from the stabilized waste [1] .
One of the industrial by-products is granulated blast furnace slag, which after adjustment can be used to replace a part of Portland cement in concrete structures [2] . The granulated blast furnace slag contains a certain amount of heavy metals that are hazardous for the environment. After incorporation into construction materials the amount of leachable heavy metals is rapidly reduced, but on the other hand, is higher than in the case of concrete without slag [3] . DOI: 10.1515 DOI: 10. /sspjce-2017 Other possibility of Portland cement replacement is addition of Puzzolans, which are materials that predominantly consist of reactive SiO 2 and Al 2 O 3 and are able to combine with portlandite (Ca(OH) 2 ), a by-product of cement hydration to form further gel products. Therefore, they have been widely used as an additive in cement, in which portlandite is a major hydration product. Their widespread use can be explained by their beneficial effect on the properties of concrete leading to technical, economic and ecological advantages [4] . It is widely accepted that puzzolans can increase the durability of concrete composites, reduce the heat of hydration, increase the resistance to sulfate attack and reduce the energy cost per cement unit. One of the most widely used types of puzzolans is a natural zeolite [5] .
There is a need to study whether the incorporation of alternative materials in the production of cement is liable to increase the quantity of heavy metals [6] . The term heavy metal has been used as a general term for those metals and semimetals with potential human or environmental toxicity. One of the most harmful forms of heavy metals is hexavalent chromium. Groundwater is the most threatened by leaching of hexavalent chromium into the environment [7] .
The paper presents a comparative study of the chromium leachability from concrete samples containing an addition of ground blast furnace slag and ground zeolite. The hexavalent chromium leaching of waste-based concretes is compared to the reference Portland cementbased concrete samples as well.
Material and methods
To study the leachability of heavy metals from the cement composites, the concrete samples without any additives as well as the concrete containing 85% and 95%, respectively of a special additive based on slag as a replacement of Portland cement and concrete samples containing 8% and 13%, respectively of a zeolite as a replacement of Portland cement were prepared (see Table 1 ). For this experiment Portland cement CEM I 42.5 N (Povazska cementaren, Ladce, Slovakia); special additive based on slag (Povazska cementaren, Ladce, Slovakia); natural zeolite (Nizny Hrabovec, Slovakia) and aggregates of fraction 0/4mm, 4/8mm, 8/16mm from local sources (Vychodoslovenske stavebne hmoty, Geca, Slovakia) have been used. The concrete samples prepared by standard procedure were cured in water during 28 days, then were cut into smaller specimens with dimensions of 50×50×15 mm 3 , dried and weighted to the constant weight. Consequently, the concrete samples of various composition as mentioned in Table 1 , were placed into three various leaching agents: distilled water (DW) with a pH value of 6.54 and conductivity value of 1.30 µS/cm; rain water (RW) with a pH value of 6.24 and conductivity value of 11.27µS/cm; and Britton-Robinson buffer (BRB) with a pH value of 2.01and conductivity value of 3930 µS/cm to long-term tank test leaching. According to the basic characterization tank test reported in CEN/TR 16142, the concrete samples were placed into tanks filled by particular leaching agent so that the specimens were immersed at least 2 cm to ensure the permanent contact with liquid leaching agent. The leaching of the tested concrete samples proceeded over a period 300 days under laboratory temperature of 20 °C.
Britton-Robinson buffer consisted of a mixture of boric acid (H 3 BO 3 , 0.04 mol/dm 3 ), phosphoric acid (H 3 PO 4 , 0.04 mol/dm 3 ) and acetic acid (CH 3 COOH, 0.04 mol/dm 3 ). The original pH of Britton-Robinson buffer was measured as 2.01. The concentrations of hexavalent chromium in leachates were measured by using spectrophotometer DR 2800 (Hach Lange, Germany). Chromium (VI) content was analyzed spectrophotometrically, as a red-violet complex of chromium formed with 1,5-diphenylcarbohydrazide (l max = 545 nm at 10 ml cell).
Conductivity and pH of leaching agent were measured at the beginning and after 300 days of the experiment by using Multimeter X-matePro MX300 (Mettler Toledo) and pH meter FG2 -FiveGo™ (Mettler Toledo).
Results and discussion
The pH of leachates of all samples has been moved from acidic to alkali region due to concretes leaching (Table 2) . The highest increase in pH has been observed for Britton-Robinson buffer where the pH increased 3.57 -4.18 times compared to the initial one. Regarding the other leaching agents, the relative pH increase was found 1.20 -1.34 and 1.34 -1.42 times, respectively, for distilled and rain waters. The increase in pH values was caused by leaching the alkali compounds from the cement matrix and consequently surface precipitation of the new formed compounds as reported in [9] . When comparing the particular concrete samples, the highest pH changes were recorded in distilled and rain water for reference samples what points to the more intensive leaching of reference samples. On the contrary, slag-based concrete samples which were responsive for the lowest pH changes in water, have been found to cause the highest pH changes in Britton-Robinson buffer.
As it can be observed in Table 2 , due to concretes leaching, the conductivities of both distilled water and rain water have been increased significantly. The raise of ions in both distilled and rain waters is linked with the leaching process or formation of compounds dissociated in the leachate. The decrease in conductivity of Britton-Robinson buffer was likely caused by neutralization reactions of alkali-based leaching products of concretes with acidic components of the Britton-Robinson buffer.
The measured hexavalent chromium concentrations in leaching agents after 300 days of the experiment are given in Table 3 . The leachability of concrete samples in selected leaching agents was evaluated by the total leaching rate V d ; calculated for all samples by dividing the measured dissolved mass of chromium in a particular water-based leaching agent by the corresponding time of exposure (7200 hours) and total surface of the sample, as shown in equation (1) according to [8] : According to [10] the lower is original pH of medium the higher hexavalent chromium concentration should be detected. In spite of the lowest initial pH (2.01), the lowest concentrations of leached-out chromium ranging from 0.45 to 1.24 µg×10 -1 /h.m 2 have been measured in Britton-Robinson buffer compared to other leaching agents. This phenomenon was probably caused by a high initial level of dissolved ions in Britton-Robinson buffer corresponding to the high initial conductivity which inhibited the possibility of heavy metal leaching [11, 12] . Thus, the correlation between pH and leached-out concentrations was not confirmed. The leaching rates of chromium for samples exposed to distilled and rain waters have been found to be more than four times higher except for the reference sample. The leaching performance of concrete samples of various compositions was compared by using the leached-out masses of chromium per 1 kg of binder (ppm), considering the differences in weights and dimensions of concrete samples, as it is seen in Figure 1 . When comparing the leached-out concentrations of hexavalent chromium regarding the concretes composition, it can be concluded that the samples with zeolite addition leached out more chromium than the reference composites and the concretes with slag addition, as well. In addition, the higher mass of leached-out hexavalent chromium was observed with increasing content of zeolite in samples. This trend was found out in each leaching agent: distilled water, rainwater and Britton-Robinson buffer, respectively. Analysing the leachedout chromium masses due to rainwater exposure, the concrete samples with both zeolites and slag additions proved the increased leachability compared to the reference sample. When considering the rain water as the most probable leaching agent in the environment, among the studied ones, the incorporation of the wastes into concretes could slightly rise a risk of the chromium leaching from the concrete materials.
Conclusion
The incorporation of secondary raw materials and waste into building materials brings economic benefits, but on the other hand, there is a substantial risk of harmful emissions into the environment. In this experiment, it was found out that the most aggressive leaching agent is distilled water containing a very small amount of dissolved ions. The lowest aggressive leaching agent was found out the Britton-Robinson buffer, even with the very low pH value.
The content of hexavalent chromium ions in leachates of samples with zeolite was higher than in the leachates of samples with slag addition and reference samples without additive, respectively. In fact, the lower concentrations of hexavalent chromium ions were observed in Britton-Robinson buffer leachates (despite low pH value) due to high value of conductivity. Distilled water and rain water were more aggressive than Britton-Robinson buffer. Despite low pH value of Britton-Robinson buffer, the low level of leached hexavalent chromium was observed even lower than in water solutions.
